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Abstract. Information visualization is essential in making sense out of large data sets.
Often, high-dimensional data are visualized as a collection of points in 2-dimensional
space through dimensionality reduction techniques. However, these traditional methods
often do not capture well the underlying structural information, clustering, and neigh-
borhoods. In this paper, we describe GMap: a practical tool for visualizing relational
data with geographic-like maps. We illustrate the effectiveness of this approach with
examples from several domains All the maps referenced in this paper can be found in
www.research.att.com/~yifanhu/GMap.
1 Introduction
Graphs capture relationships between objects and graph drawing allows us to visualize such
relationships. Typically vertices are placed as points in two or three dimensional space, and
edges are represented as lines between the corresponding vertices. The layout optimizes some
aesthetic criteria, for example, minimal edge length and edge crossings. While such point-and-
line representation are most commonly used, other representations have also been considered.
For example, treemaps [27] use a recursive space filling approach to represent trees. There is
also a large body of work on representing planar graphs as contact graphs [7, 12, 19], where
vertices are embodied by geometrical objects and edges are shown by two objects touching in
some specified fashion. Koebe’s theorem [16] shows that all planar graphs can be represented
by touching disks. Similar representation is possible with triangles, where two adjacent vertices
correspond to vertex-to-side touching pair of triangles, as shown by de Fraysseix et al. [7].
If vertices are represented by rectilinear regions and edges correspond to side-to-side contact
between paired regions, He [12] has shown that all planar graphs have such drawings. Graph
representations of side-to-side touching regions tend to be visually appealing and have the
added advantage that they suggest the familiar metaphor of a geographical map.
In this paper we describe GMap, an algorithm to represent general graphs as maps. Clearly,
there are theoretical limitations to what graphs can be represented exactly by touching poly-
gons, even when allowing for non-convexity. However, our aim here is practical rather than
graph theoretical. We do not insist that the created map be an exact representation of the
graph but that it captures the underlying relationships well. With this in mind, we do not
insist that all vertices are represented by individual polygons either. In fact, we group closely
connected vertices into regions. If we would like to show all of the relationships, we can
superimpose a graph drawing on top of the map.
Our overall goal is to create a representation which makes the underlying data understand-
able and visually appealing. Our map representation is especially effective when the underlying
graph contains structural information such as clusters and/or hierarchy. The traditional line-
and-point representation of graphs often requires considerable effort to comprehend, and often
puts off general users. On the other hand, a map representation is more intuitive, as most
people are very familiar with maps and even enjoy carefully examining maps.
Given that we do not insist on the map to be an exact representation for the graph, at first
it may seem trivial to generate a map. For example, one can start with a “good” graph drawing
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and build a Voronoi diagram of the vertices along with the four corners of the bounding box
for the drawing. However, the results are visually unappealing as maps, with straight borders
between “countries” and jagged, angular overall appearance. Our GMap algorithm takes as
input a graph and produces a map with a “natural” look, outer boundaries that follow the
outline of the vertex sets, and inner boundaries having the twists and turns found in real
maps. Our maps also can have lakes, islands, and peninsulas, similar to those found in real
geographic maps; see Figures 3-5.1
2 Related Work
There is little previous work on generating map representations of graphs. Most related work
deals with accurately and appealingly representing a given geographic region, or on re-drawing
an existing map subject to additional constraints. Examples of the first kind of problem are
found in traditional cartography, e.g., the 1569 Mercator projection of the sphere into 2D
Euclidean space. Examples of the second kind of problem are found in cartograms, where the
goal is to redraw a map so that the country areas are proportional to some metric, an idea
which dates back to 1934 [25] and is still popular today (e.g., the New York Times red-blue
maps of the US, showing the presidential election results in 2000 and 2004 with states drawn
proportional to population).
The map of science [4] uses vertex coloring in a graph drawing to provide an overview
of the scientific landscape, based on citations of journal articles. Treemaps [27], squarified
treemaps [6] and the more recent newsmaps [30] represent hierarchical information by means
of space-filling tilings, allocating area proportional to some important metric.
Representing imagined places on a map as if they were real countries also has a long
history, e.g., the 1930’s Map of Middle Earth by Tolkien [29] and the Bu¨cherlandes map by
Woelfle from the same period [1]. More recent popular maps include xkcd’s Map of Online
Communities [2]. While most such maps are generated in an ad hoc manner and are not
strictly based on underlying data, they are often visually appealing.
Generating synthetic geography has a large literature, connected to its use in computer
games and movies. Most of the work (e.g., [20, 22]) relies on variations of a fractal model.
Although these techniques could provide additional photorealism, it is unclear how they could
be used with the position and size constraints attached to the maps we consider here.
3 The Mapping Algorithm
The input to our algorithm is a relational data set from which we extract a graph G = (V,E).
The set of vertices V corresponds to the objects in the data, e.g., authors in the graph
drawing community, and the set of edges E corresponds to the relationship between pairs
of objects, e.g., co-authoring a paper. In its full generality, the graph is vertex-weighted and
edge-weighted, with vertex weights corresponding to some notion of the importance of a vertex
and edge weights corresponding to some notion of the distance between a pair of vertices.
The first step in our GMap algorithm is to embed the graph in the plane. Possible
embedding algorithms include principal component analysis [15], multidimensional scaling
(MDS) [17], force-directed algorithm [10], or non-linear dimensionality reduction such as
LLE [26] and Isomap [28].
1 This paper contains zoom-able high resolution images; all the images are also available at www.
research.att.com/~yifanhu/GMap.
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The second step is a cluster analysis of the underlying graph or the embedded pointset
from step one. In this step, it is important to match the clustering algorithm to the embedding
algorithm. For example, a geometric clustering algorithm such as k-means [21] may be suitable
for an embedding derived from MDS, as the latter tends to place similar vertices in the
same geometric region with good separation between clusters. On the other hand, with an
embedding derived from a force-directed algorithm [10], a modularity based clustering [23]
could be a better fit. The two algorithms are strongly related, as pointed out in the recent
findings by Noack et al. [24], and therefore we can expect vertices that are in the same cluster
to also be geometrically close to each other in the embedding.
In the third step the two-dimensional embedding together with the clustering are used
to create the map. Using the embedding information, a Voronoi diagram of the vertices is
created. A naive approach would be to form the Voronoi diagram of the vertices, together
with fours points on the four corners of the bounding box; see Fig. 1(a). This would result in
aesthetically unappealing maps with unnatural outer boundaries and sharp corners. A more
natural appearance can be obtained by placing some random points. A random point is only
accepted, if its distance from any of the real points is more than r (a preset threshold) away.
This leads to more rounded boundaries. The randomness of the points on the outskirts also
gives rise to some randomness of the outer boundaries, thus making them more realistic and
natural; see Fig. 1(b). Furthermore, depending on the value of r, this step can also result
in the creation of lakes (e.g., Fig. 5) in areas where vertices are far apart from each other.
Nevertheless, some inner boundaries remain artificially straight.
(a) (b) (c) (d)
Fig. 1. (a) Voronoi diagram of vertices and corners of bounding box; (b) better construction of outer
boundaries through placement of random points; (c) Voronoi diagram of vertices and points inserted
around the bounding boxes of the labels; (d) the final map.
Another undesirable feature is that the three “countries” all have more or less equal
area, whereas we might often want some areas to be larger than the others, perhaps due to
importance of the entities them represent. As an illustration, in Fig. 1, we assume that the
area corresponding to “node 1” is more important than the other two areas, and use a larger
label for that area. To make areas proportional to the label size, we first generate artificial
points along the bounding boxes of the labels; see Fig. 1(c). To make the inner boundaries
more realistic, we perturb these points randomly instead of running strictly along the rectangle
bounding boxes. Here Voronoi cells that belong to the same vertex are colored in the same
color, and cells that correspond to the random points on the outskirt are not shown. Cells of
the same color are then merged to give the final map in Fig. 1(d). Note that instead of the
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bounding boxes of labels, we could use any 2D shapes, e.g., the outlines of real countries, in
order to obtain a desired look and proportion of area, as long as these shapes do not overlap.
When mapping vertices that contain cluster information, in addition to merging cells that
belong to the same vertex, we also merge cells that belong to the same cluster, thus forming
regions of complicated shapes, with multiple vertices and labels in each region. At this point
we can add more geographic components to strengthen the map metaphor. For instance, in
places where there is significant space between vertices in neighboring clusters, we can add
lakes, rivers, or mountain ranges to the map to indicate the distance. These structures can
all be formed by similar insertion of random points in places where vertices are far away from
each other.
In terms of complexity, the algorithm is scalable and has a time complexity of O(|V | log |V |).
We first add na artificial points along the bounding boxes of the labels, typically na = 40|V |.
We then insert nr random points of distance r away from any vertices and artificial points,
usually nr is set to between |V | to 40|V |, depending on the size of the graph. This step is
carried out by first forming a quadtree of the vertices and artificial points, which takes time
O(|V | log |V |), then testing whether a random point is within distance r of the set of ver-
tices and artificial points. Each test takes O(log |V |) time, thus overall O(|V | log |V |). We first
compute a Delaunay triangulation of the points, which can be done in time O(|V | log |V |) [9].
Then we create the corresponding Voronoi diagram of all points and merge Voronoi cells that
belongs to the same cluster. This step requires O(|V |) and thus the overall complexity of
GMap is O(|V | log |V |), with a relatively large coefficient due to the large number of arti-
ficial and random points. As a reference point, all maps in this paper were generated in a
few seconds. Mapping a larger graph with |V | = 440, 000, nr = |V | and na = 40|V | took 4
minutes2.
4 GMap Maps
In this section we examine several maps produced by our algorithm. The underlying data
comes from different domains and the corresponding graphs are structurally different and of
varying sizes.
4.1 Collaboration Graph
This graph has authors as vertices and collaborations as edges. That is, there is an edge
between two authors if they have collaborated on a paper. The graph has 509 vertices and
1517 edges. The largest component has 275 vertices and 784 edges, and thus contains about
54% of all authors. The data comes from the first 10 years of the Symposium on Graph
Drawing, 1994-2004. We look at the first eight largest connected components. This graph is
cumulative, in the sense that two authors are connected with an edge if they have written
at least one joint paper in the first ten years of the symposium. Even when drawn with a
high-quality scalable force-directed algorithm [13] and after applying a node-overlap removal
step, the resulting graph looks more like a hairball than anything else; see Fig. 2.
On the other hand, the corresponding map, as shown in Fig. 3, seems much more ”read-
able”. The map shows one continent corresponding to the largest connected component and
seven islands, corresponding to the seven largest remaining connected components. The con-
tinent contains about a dozen “countries” determined by the collaboration patterns. The size
2 Using a single thread on a Linux machine with 16 Intel Xeon processors, each with 4 cores running
at 2.4 GHz, with 16 GB memory per processor.
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Fig. 2. Author collaboration graph for the GD conference, 1994-2004.
of each label is determined by the logarithm of the number of publications and the edge
thickness is similarly proportional to the number of collaborations. However, node weights
and edge weights are not used in the layout calculations.
It is easy to see that European authors dominate the main continent. Several well-defined
German groups can be seen on the west and southwest coasts. A largely Italian cluster occupies
the center, with an adjacent Spanish peninsula in the east. The northwest contains a mostly
Australasian cluster. Two North American clusters are to be found in the southeast and in the
southwest, the latter one made up of three distinct components. A combinatorial geometry
cluster forms the northernmost point of the main continent. Most Canadian researchers can be
found in the central Italian cluster and the Spanish peninsula. Northeast of the mainland lies
a large Japanese island and southeast of the mainland there is a large Czech island. Northwest
of the mainland is a Crossings Number island.
4.2 TradeLand
Fig. 4 is a map visualizing the trade relations between all countries. Bilateral trade data
between each of the 209 countries and its top trading partners were acquired from Mathe-
matica’s CountryData package. The font size of a label is proportional to the logarithm of
the total trade volume of the country, and the color of a label reflects whether a country has
a trade surplus (black) or deficit (red).
The label color gives an easy way to spot the oil-rich countries with large surpluses, which
are distributed all over the world as well as in our map: Middle East (Saudi Arabia, Kuwait),
Europe (Russia), South America (Venezuela), Africa (Nigeria, Equatorial Guinea). On the
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Fig. 3. Author collaboration map for the GD conference, 1994-2004.
other hand, the countries with huge deficits are mostly in Africa (Sierra Leone, Senegal,
Ethiopia) with the United States, the clear outlier.
Many countries in close geographic proximity end up close in our map, e.g, Central Amer-
ican countries like Honduras, El Salvador, Nicaragua, Guatemala and Costa Rica are close
to each other in the northeast. Similarly the three Baltic republics, Latvia, Lithuania and
Estonia, are close to each other in the northwest. This is easily explained by noting that geo-
graphically close countries tend to trade with each other. There are easy to spot exceptions:
North Korea is not near South Korea, Israel is not particularly close to Jordan or Syria.
The G8 countries (Canada, France, Germany, Italy, Japan, Russia, United Kingdom, and
the United States) are all in close proximity to each other in the center of the map. Two of
the largest and closest countries in our map are China and the United States. Clearly, the
proximity is due to the very large trade volume rather than geographic closeness. All these
countries are in the largest cluster which is dominated by European countries in the west,
Asian countries in the east, and Middle Eastern countries in the south. African countries
are distributed in several clusters in close proximity to China (a major trading partner to
many African countries), the United States (trading less with Africa these days), and around
former colonizers (e.g., Togo, Cameroon and Senegal, which are all close to France). South
American and Central American countries form several clusters in the north of the map. On
the periphery of the map are small countries from around the world, and countries with few
trading partners.
6
Fig. 4. A map of trade relations between countries.
4.3 BookLand Maps
Many e-commerce websites provide recommendations to allow for exploration of related items.
Traditionally this is done in the form of a flat list. For example, Amazon typically lists around
5-6 books under “Customers Who Bought This Item Also Bought”, with a clickable arrow to
allow a customer to see further related items.
Instead of a flat list, which provides a very limited view of the neighborhood, there have
been attempts to convey the underlining connectivity of the products through graph visu-
alization. For example, TouchGraph, a New Jersey-based company, has an Amazon browser
(http://www.touchgraph.com/TGAmazonBrowser.html) which essentially lays out a graph
taken from a small neighborhood surrounding the book of concern. None of the existing
approaches, however, gives a comprehensive view of the relationship and the clustering struc-
tures.
Using our GMap algorithm, we obtained the map in Fig. 5. The underlying data is obtained
with a breadth-first traversal following Amazon’s “Customers Who Bought This Item Also
Bought” links, starting from the George Orwell’s 1984. All books in the map are at most 9
hops away from the source node. We further merge nodes that represent the same book, but
with different publishers or different bindings. This reduces the number of vertices by 1-4%.
As can be seen by the 5 versions of Chinua Achebe’s Things Fall Apart in the central cluster,
we are not always successful. The underlying graph for this map contains 913 vertices and
3410 edges. With an average degree of nearly eight, peripheral vertices in this map have only
a handful of edges while central vertices have more than 20 immediate neighbors. We next
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the End: A Novel
Tree of Smoke:
A Novel
Lush Life:
A Novel
Handle with Care:
A Novel
The Associate
I'll Fly Away: Further Testimonies from
the Women of York Prison
She's Come
Undone
Sickened: The True Story
of a Lost Childhood
Drowning Ruth: A
Novel
Black and
Blue
The Namesake:
A Novel
The God of Small
Things: A Novel
A Fine
Balance
The Elegance of
the Hedgehog
Merle's Door: Lessons from
a Freethinking Dog
Amazing Gracie: A
Dog's Tale
Wesley the Owl: The Remarkable Love Story
of an Owl and His Girl
Alex & Me: How a Scientist and a Parrot Uncovered a Hidden
World of Animal Intelligence--and Formed a Deep Bond in the Process
Letter to
My Daughter
The Bluest
Eye
Cultural Contexts for Ralph Ellison's Invisible
Man: A Bedford Documentary Companion
Spark Notes
Invisible Man
A Farewell
To Arms
The Sun
Also Rises
CanePlum Bun: A Novel
Without a Moral
Wrapped in Rainbows: The Life of
Zora Neale Hurston
Every Tongue Got to Confess: Negro
Folk-tales from the Gulf States
The Complete
Stories
Zora Neale Hurston : Folklore
Dust Tracks on a
Road: An Autobiography
The Odyssey: The
Fitzgerald Translation
Julius Caesar
Romeo &
Juliet
A Midsummer Night's
Dream
Macbeth
The Moon
Is Down
The Pastures of
Heaven
The Rest Is Noise: Listening
to the Twentieth Century
The Rebel: An Essay
on Man in Revolt
The Alchemist
Steppenwolf: A
Novel
Narcissus and
Goldmund
Pride and
Prejudice
Wide Sargasso Sea:
A Novel
Emma
Great Expectations
Favorite Jane Austen Novels: Pride and Prejudice
The Host:
A Novel
The Eternal Husband and
Other Stories
Stone Cold
People of the Book:
A Novel
Playing for
Pizza
A Place
Called Freedom
Night Over
Water
The Man From
St. Petersburg
On My Own: The Art of
Being a Woman Alone
A New Earth: Awakening to
Your Life's Purpose
Happy for No Reason: 7 Steps to
Being Happy from the Inside Out
The Self-esteem Companion: Simple Exercises to Help You Challenge
Your Inner Critic & Celebrate Your Personal Strengths
Three Cups of Tea: One Man's Mission to Promote Peace
. . . One School at a Time
A Writer's Workbook: Daily Exercises
for the Writing Life
Stern Men:
A Novel
Still Life with Chickens: Starting Over
in a House by the Sea
Into the
Wild
The Book of Laughter
and Forgetting
A Heartbreaking Work of
Staggering Genius
The Unbearable Lightness of
Being
Of Love and Other
Demons
The Autumn of the
Patriarch
Snow Flower and the
Secret Fan: A Novel
Suite Francaise
The Thirteenth Tale:
A Novel
The Memory
Keeper's Daughter
Girl
The Bell
Jar
The Virgin
Suicides
Prozac Nation
The Perks of Being
a Wallflower
The Constant
Princess
The Queen's Fool: A
Novel
The Virgin's
Lover
The Six Wives of
Henry VIII
Katherine
The Gathering
Divisadero
Bridge of Sighs: A
Novel
Blood Meridian: Or the Evening
Redness in the West
All the
Pretty Horses The Border Trilogy: All the Pretty Horses
Oil!
Suttree
Being and
Time
Existentialism And Human
Emotions
Wiesel's Night
One Day in the Life
of Ivan Denisovich
Rosencrantz & Guildenstern
Are Dead
Grendel
The Tempest
The Merchant of
Venice
13 by Shanley: Thirteen
Plays
Angels in America: A Gay Fantasia on National Themes:
Part One: Millennium Approaches Part Two: Perestroika
Doubt
The Seafarer
Rock 'n' Roll: A
New Play
Dead Man's
Cell Phone Rabbit Hole
Sarah Kane:
Complete Plays
Oleanna
Sexual Perversity in Chicago and the
Duck Variations: Two Plays
How I Learned
to Drive
Anna In
The Tropics
Down These
Mean Streets
The Lost
Symbol
The Scarecrow
The Gate
House
Heat Lightning
Extreme Measures: A
Thriller
Bones
The Book
Thief
Man Gone Down:
A Novel
Little Heathens: Hard Times and High Spirits on
an Iowa Farm During the Great Depression
The Kite
Runner
Midnight's Children:
A Novel
Rescuing Sprite: A Dog Lover's Story
of Joy and Anguish
Ralph Ellison's Invisible Man:
A Casebook
Ralph Ellison: A
Biography
New Essays on Invisible
Man A Historical Guide to
Ralph Ellison
Spark Notes The Grapes
of Wrath
Nineteen Eighty-Four
Huxley's Brave New
World
The Old Man and
The Sea
For Whom the
Bell Tolls
A Moveable
Feast
The Portable Harlem Renaissance
Reader
Passing:
Home To
Harlem
The Blacker the
Berry
I Love Myself When I Am Laughing... And
Then Again: A Zora Neale Hurston Reader
Zora Neale Hurston: A
Literary Biography
Mules and
Men
Zora Neale Hurston : Novels and Stories : Jonah's Gourd Vine  Their Eyes Were Watching
God  Moses
Tell My Horse: Voodoo and Life
in Haiti and Jamaica
The Iliad
The Aeneid
Mythology
The Three Theban
PlaysThe Iliad
of Homer
Twelfth Night
Olivier Messiaen: Quartet for
the End of Time
The Nine: Inside the Secret World
of the Supreme Court
This Is Your Brain on Music:
The Science of a Human Obsession
Resistance
Warrior of the Light:
A Manual
The Pilgrimage
By the River Piedra I Sat Down and
Wept: A Novel of Forgiveness
The Witch of Portobello:
A Novel
Veronika Decides to Die: A
Novel of Redemption
The Glass Bead
Game:
Demian
Narcissus and Goldmund:
A Novel
The Journey to
the East
Beneath the
Wheel
Pride &
Prejudice
Sense and
Sensibility
Persuasion
A Passage
to India
Mrs. Dalloway
White Teeth:
A Novel
Northanger Abbey
Mansfield Park
Oliver Twist
Twilight
Pride and Prejudice -
The Special Edition
The Twilight Saga: The
Official Guide
Marked
Twilight Soundtrack
Twilight: The Complete Illustrated
Movie Companion
Betrayed
Run: A
Novel
The Maytrees:
A Novel
Heidegger's Being And Time:
A Reader's Guide
Phenomenology of
Perception
Introduction to
Metaphysics
Phenomenology of
Spirit Basic Writings
The Ethics
Of Ambiguity
Chinua Achebe's Things Fall
Apart
Achebe's Things Fall Apart:
A Reader's Guide
Spark Notes Things
Fall Apart
Chinua Achebe's Things Fall
Apart: A Casebook
The Gulag Archipelago Volume 1: An
Experiment in Literary Investigation
Cancer Ward
The Master
and Margarita
Beowulf: A New Verse
Translation
Beowulf
Manchild in the
Promised Land
Bodega Dreams:
A Novel
Dreaming in
Cuban
How the Garcia Girls
Lost Their Accents
The Boy In the
Striped Pajamas
I Am
the Messenger
A Thousand
Splendid Suns
The Satanic Verses:
A Novel
The Moor's
Last Sigh
Liberty and Tyranny: A
Conservative Manifesto
My Grandfather's Son:
A Memoir
Men in Black: How the Supreme
Court Is Destroying America
An Inconvenient Book: Real Solutions to
the World's Biggest Problems The Christmas
Sweater
The Collected Essays of
Ralph Ellison
The Cambridge Companion to
Ralph Ellison
Juneteenth: A
Novel
Flying Home: and
Other Stories
Ralph Ellison: Emergence
of Genius
Steinbeck's the Grapes of
Wrath
Spark Notes The
Great Gatsby
Brave New World and
Brave New World Revisited
Frankenstein
The Complete Short Stories of Ernest
Hemingway: The Finca Vigia Edition
To Have and
Have Not
The Oresteia: Agamemnon; The Libation
Bearers; The Eumenides
The Histories
The Divine
Comedy
Mythology: Timeless Tales of
Gods and Heroes
How to Read Literature Like a Professor: A Lively
and Entertaining Guide to Reading Between the Lines
Plato: Republic
The Trial and Death
of Socrates
The Inferno
Livy: The Early History of
Rome
The Odyssey
of Homer
Aeschylus I: Oresteia: Agamemnon
Sophocles I: Oedipus The King
The History of the Peloponnesian
War: Revised Edition
The Winter's
Tale
Twelfth Night: or
Henry IV
Legacy of Ashes: The
History of the CIA
The Age of Turbulence: Adventures
in a New World
The Coldest Winter: America
and the Korean War
The Brethren: Inside the
Supreme Court
American Creation: Triumphs and Tragedies in
the Founding of the Republic
The World in Six Songs: How
the Musical Brain Created Human Nature
Music
Music and
the Mind
The Singing Neanderthals: The Origins of
Music
The First
Man
The Fifth
Mountain
The Valkyries
Brida: A
Novel
Eleven Minutes: A
Novel
The Zahir: A Novel
of Obsession
The Servant-Leader Within: A
Transformative Path
Focus on Leadership: Servant-Leadership
for the 21st Century
Moral Intelligence: Enhancing Business Performance
and Leadership Success
The Congruent Life: Following the Inward Path
to Fulfilling Work and Inspired Leadership
Gertrude: A
Novel
To the
Lighthouse
A Room of
One's Own
A Portrait of the Artist as
a Young Man
On Beauty
The Remains of
the Day
A Tale of Two
Cities
David Copperfield
Bleak House
Twilight: Director's Notebook: The Story of How We Made the
Movie Based on the Novel by Stephenie Meyer
Twilight: The
Score
The Twilight
Saga Collection
Chosen
Untamed
Hunted
Vampire Academy
Fyodor Dostoevsky's Crime and
Punishment
The Marx-Engels
Reader:
No Longer
at EaseChinua Achebe's Things Fall
Apart
Understanding Things Fall Apart:
Selected Essays and Criticisms
Warning to
the West
The Gulag Archipelago 1918-1956 Abridged: An
Experiment in Literary Investigation
The Gulag Archipelago: 1918-1956
Gulag: A
History
In the First Circle:
A Novel
Heart of
a Dog
We
The Collected Tales of
Nikolai Gogol
The Canterbury
Tales
Sir Gawain and the Green
Knight
Sir Gawain and the
Green Knight
The Enchantress of Florence:
A Novel
Shalimar the Clown:
A Novel
Shame: A
Novel
Infidel
The Ground Beneath Her
Feet: A Novel
The 5000 Year Leap: A Miracle
That Changed the World
Atlas Shrugged
The Real George
Washington
Common Sense
Power to
the People
If Democrats Had Any
Brains
Surrender Is Not an Option: Defending
America at the United Nations
The Forgotten Man: A New History
of the Great Depression
Guilty: Liberal Victims and
Their Assault on America
Liberal Fascism: The Secret History of the American
Left
Grace: A
Novel
Do the Right Thing: Inside the Movement That's
Bringing Common Sense Back to America
Trading Twelves: The Selected Letters of
Ralph Ellison and Albert Murray
Living with Music: Ralph
Ellison's Jazz Writings
Shadow and
Act
Going to
the Territory
Spark Notes The Adventures
of Huckleberry Finn
Spark Notes The
Scarlet Letter
Animal Farm
and 1984
Island
The Short Stories of F. Scott
Fitzgerald: A New Collection
Islands in the Stream
: A Novel
The Annals of Imperial
Rome
Metamorphoses
The Epic of Gilgamesh: An English
Verison with an Introduction
Theogony
Medea and Other
Plays
Plutarch's Lives Volume
1
Plutarch's Lives
Paradise Lost and Paradise
Regained
The Prince
The Dore Illustrations for
Dante's Divine Comedy
A Modern Reader's Guide to
Dante's the Divine Comedy
Heroes
The Dictionary of
Classical Mythology
The Complete World of
Greek Mythology
D'Aulaires' Book of
Greek Myths
How to Read Novels Like a Professor: A
Jaunty Exploration of the World's Favorite Literary Form
Voice Lessons: Classroom Activities to Teach
Diction
Reading Like a Writer: A Guide for People Who Love
Books and for Those Who Want to Write Them
Politics
The Communist
Manifesto
Nicomachean Ethics
The Wealth of
Nations
Leviathan
The Daodejing
of Laozi
Meditations on First Philosophy: In Which the Existence of God and
the Distinction of the Soul from the Body Are Demonstrated
Introductory Lectures
on Psychoanalysis
The Epic of
Gilgamesh
Paradise Purgatorio
St. Augustine
Confessions
Paradiso
The War with Hannibal: The History of Rome
from Its Foundation
The Twelve
Caesars
The Rise of the
Roman Empire
The Fall of the Roman
Republic: Six Lives
Rome and the Mediterranean: Books XXXI-XLV of the
History of Rome from its Foundation
Euripides I: Alcestis
Euripides V: Electra
Aeschylus II: The Suppliant Maidens and The Persians
Greek Tragedies
Sophocles II: Ajax
The Last Days of
Socrates
All's Well That Ends
Well
Hamlet
A Midsummer Night's
Dream
Spark Notes No Fear
Shakespeare Othello
King LearKing Henry IV
Ulysses
The Second
Sex
The Feminine
Mystique
Moments of
Being
Dubliners
Finnegans Wake
Never Let
Me Go
Howards End
The History of Love:
A Novel
Saturday
The English
Patient
Bronte's Wuthering
Heights
CliffsNotes Jane
Eyre
Little Dorrit
Our Mutual
Friend
Middlemarch
The Pickwick
Papers
Dombey and
Son
Frostbite
Shadow Kiss
A Hero of Our
Time
Spark Notes Crime
and Punishment
Writing Fiction: A Guide
to Narrative Craft
The Art of Fiction: Notes on
Craft for Young Writers
Bird by Bird: Some Instructions
on Writing and Life
Half of a
Yellow Sun
Howl and Other
Poems
On the
Road
The Electric Kool-Aid
Acid Test
Leaves of Grass: The
Original 1855 Edition
Junky: The Definitive Text
of Junk
Female Chauvinist Pigs: Women and the
Rise of Raunch Culture
The Beauty Myth: How Images of
Beauty Are Used Against Women
Feminism Is for Everybody:
Passionate Politics
Getting Off: Pornography and
the End of Masculinity
Pornified: How Pornography Is Damaging Our
Lives
The Division of Labor
in Society
From Max Weber: Essays
in Sociology
Basic Political
Writings
Second Treatise
of Government
Discipline & Punish: The
Birth of the Prison
Arrow of
God
A Man of
the People
Anthills of
the Savannah
Girls at
War
The Good
Earth
The Solzhenitsyn Reader: New
and Essential Writings
We Never Make Mistakes:
Two Short Novels
The Gulag Archipelago
The Gulag Archipelago
1918-1956 I-II
Man Is Wolf to
Man: Surviving the Gulag
Stalin: The Court of
the Red Tsar
Khrushchev: The Man and
His Era
August 1914
White Guard
The Twelve
Chairs
Journey into the
Whirlwind
Stories of
Anton Chekhov
Dead Souls:
A Novel
Paradise Lost
The Song of
Roland
Beowulf: A
New Telling
Le Morte D'Arthur: The
Winchester Manuscript
Haroun and the Sea
of Stories
The Caged Virgin: An Emancipation Proclamation
for Women and Islam
While Europe Slept: How Radical Islam
is Destroying the West from Within
The Fountainhead
The Real Benjamin
FranklinThe Real Thomas
Jefferson
The Federalist
Papers
The Constitution of the United States of America
Fleeced: How Barack Obama
Godless: The Church
of Liberalism
A Slobbering Love Affair:
The True
A Bold Fresh Piece
of Humanity
Economic Facts
and Fallacies
Lenin
The Doors of Perception and
Heaven and Hell
The Perennial
Philosophy
Dr. Jekyll & Mr.
Hyde
The Essential Homer: Selections from the
Iliad and the Odyssey
The Bhagavad
Gita
Homeric Hymns
Bacchae and Other Plays: Iphigenia among the Taurians;
Bacchae; Iphigenia at Aulis; Rhesus
Lysistrata and Other
Plays
Copenhagen
Narrative of the Life
of Frederick Douglass
The Landmark Herodotus:
The Histories
Gilgamesh: A New Rendering
in English Verse
Plutarch: Lives of Noble
Grecians and Romans
The Conquest of
Gaul
The Divine Comedy: Inferno;
Purgatorio; Paradiso
The Art
Of War
The Art
of War
The Dore
Bible Illustrations Dante's Divine Comedy: Hell
Divine Comedy:
Inferno
The Cambridge Companion to
Dante
Greek Gods and
Heroes
The Last
Olympian
The Library of Greek
Mythology
Bulfinch's Greek and Roman Mythology: The
Age of Fable
Iliad and Odyssey
boxed set
D'Aulaires' Book of
Norse Myths
Classic Myths to Read Aloud: The Great Stories of Greek and Roman
Mythology
Black Ships Before Troy: The
Story of 'The Iliad'
The Gods and Goddesses
of Olympus
Greek Myths for Young
Children
Discovering Voice: Voice Lessons for
Middle and High School
How Fiction
Works
5 Steps to a 5 on the AP:
Writing the AP English Essay
Grammar for High School: A
Sentence-Composing Approach---A Student Worktext
Sentence Composing for High School: A
Worktext on Sentence Variety and Maturity
On Writing
The Republic Of Plato:
Second Edition
The Social
Contract
Civilization and
Its Discontents
Grounding for the Metaphysics of Morals: With on a
Supposed Right to Lie Because of Philanthropic Concerns
Kant: Groundwork of the
Metaphysics of Morals
Five Dialogues
Capitalism and Freedom: Fortieth
Anniversary Edition
The General Theory of
Employment
Free to Choose: A
Personal Statement
Theban Plays
The Bhagavad-Gita : Krishna's Counsel in
Time of War
An Enquiry Concerning
Human Understanding
Dialogues Concerning Natural Religion: The Posthumous Essays of
the Immortality of the Soul and of Suicide
New Introductory Lectures on
Psycho-Analysis:
Myths from Mesopotamia: Creation
Purgatory
Inferno
The Consolation of Philosophy:
Revised Edition
Pseudo Dionysius: The Complete
Works
Don Quixote
The Decameron
Montaigne: Essays
City of
God
The Aeneid of
Virgil
Rome and Italy: Books VI-X of the History
of Rome from its Foundation
Makers of Rome: Nine
Lives
The Jugurthine War  The
Conspiracy of Catiline
The Civil
Wars
Euripides III: Hecuba
Euripides II: The Cyclops and Heracles
Euripides IV: Rhesus
Greek Tragedies
As You Like
It
Cymbeline
The Merry Wives of
Windsor
The Taming of the
Shrew
The Taming of the
Shrew Macbeth
Twelfth Night
The TempestKing Richard
II
King Henry
V
Henry V
Between the
Acts
The Years
Jacob's Room
Ulysses Annotated: Notes for James Joyce's
Ulysses @Revised and Expanded EditionD
The New Bloomsday Book:
A Guide Through Ulysses
Gender Trouble: Feminism and the
Subversion of Identity
Black Skin The History of Sexuality
Backlash: The Undeclared War
Against American Women
Full Frontal Feminism: A Young Woman's
Guide to Why Feminism Matters
A Reader's Guide to
Finnegans Wake
Amsterdam: A
Novel
Enduring Love:
A Novel
The Innocent:
A Novel
In the Skin of
a Lion
Catharine: and Other
Writings
A Tale of Two
Cities: 150th Anniversary
Wuthering Heights
Wuthering Heights
The Old Curiosity
Shop
Martin ChuzzlewitBarnaby Rudge
The Mill on the
Floss
Daniel Deronda The Woman in
White
Vanity Fair
Eugene Onegin: A Novel
in Verse
Oblomov
The Hours
Orlando
The Battle of the
Labyrinth
The Demigod
Files
Percy Jackson and the Olympians
Paperback Boxed Set
The Titan's
Curse
The Elements of Style
On Becoming
a Novelist
Aspects of
the Novel
Writing Down the Bones:
Freeing the Writer Within
Traveling Mercies: Some Thoughts
on Faith
Grace
On Writing Well
Fear and Loathing in Las Vegas: A Savage
Journey to the Heart of the American DreamNaked Lunch: The
Restored Text
Hell's Angels: A Strange
and Terrible Saga
Self-Reliance and Other
Essays Walden; Or
Civil Disobedience and Other
Essays
101 Great American
Poems
The Essential Writings of
Ralph Waldo Emerson
Queer: A
Novel
The Body Project: An Intimate
History of American Girls
Can't Buy My Love: How Advertising Changes
the Way We Think and Feel
The End of America: Letter of
Warning to a Young Patriot
Discourse on Method and Meditations on
First Philosophy
Leviathan: With Selected Variants from the
Latin Edition of 1668
On Liberty
Madness and Civilization: A History of
Insanity in the Age of Reason
PowerKnowledge: Selected Interviews and
Other Writings
Imagined Communities: Reflections on the Origin
and Spread of Nationalism
The Order of Things: An Archaeology
of the Human Sciences
Orientalism
The Ego and the
Id
The Future of
an Illusion
Beyond the Pleasure
Principle
On the Genealogy of
Morals and Ecce Homo
Home and
Exile
God's Bits of
Wood
A Tree Grows in
Brooklyn
The Soul and Barbed Wire:
An Introduction to Solzhenitsyn
Solzhenitsyn: A Soul
in Exile
The Gulag Archipelago 1918-1956
Kolyma Tales
The Harvest of Sorrow: Soviet
Collectivization and the Terror-Famine Execution by Hunger: The
Hidden Holocaust
Potemkin: Catherine the Great's
Imperial Partner
The Whisperers: Private Life
in Stalin's Russia
Stalin and His Hangmen: The Tyrant
and Those Who Killed for Him
Sashenka: A
Novel
Khrushchev's Cold War: The Inside Story
of an American Adversary
American Prometheus: The Triumph and Tragedy
of J. Robert Oppenheimer
Truman
One Hell of a Gamble: Khrushchev
The Fatal
Eggs
Red Cavalry
A Dead Man's Memoir:
A Theatrical Novel
Ilf and Petrov's American Road Trip: The
1935 Travelogue of Two Soviet Writers
The Life and Extraordinary Adventures of
Private Ivan Chonkin
Twelve Chairs
Envy
Within the
Whirlwind
Survival In
Auschwitz
The Soviet Experiment: Russia
Utopia
The History of the
Kings of BritainEcclesiastical History of the
English People
Rule of Saint Benedict
in English
Saint George and
the DragonShakespeare Stories
One Thousand and One
Arabian Nights
The Adventures of Robin
Hood
The Once and
Future King
Idylls of the
King
The Virtue of
Selfishness
We the
Living
Anthem
Capitalism: The
Unknown Ideal
The Anti-Federalist Papers and the
Constitutional Convention Debates
The Obama Nation: Leftist Politics and
the Cult of Personality
Real Change: From the World That
Fails to the World That Works
The Case Against Barack Obama: The Unlikely Rise
and Unexamined Agenda of the Media's Favorite Candidate
Culture Warrior
Basic Economics 3rd Ed: A Common
Sense Guide to the Economy
Climate Confusion: How Global Warming Hysteria Leads to Bad Science
Ever Wonder Why? And
Other Controversial Essays
American Progressivism:
A Reader
The Psychedelic Experience: A Manual Based on the
Tibetan Book of the Dead
DMT: The Spirit Molecule: A Doctor's Revolutionary Research
into the Biology of Near-Death and Mystical Experiences
Your Brain
Is God
Huxley and
God: Essays
Moksha: Aldous Huxley's Classic Writings on
Psychedelics and the Visionary Experience
The Invisible
Man
The Picture of Dorian
Gray - Oscar Wilde
The Annals: The Reigns of Tiberius
The Civil
War
The Penguin Historical Atlas
of Ancient Rome
The Essential
Aeneid
Oresteia
Ten Plays
by Euripides
The Dhammapada
The Koran
The Analects Tao Te
Ching
The Yoga Sutras of Patanjali: Commentary on the
Raja Yoga Sutras by Sri Swami Satchidananda
Anthology Of Classical Myth: Primary Sources in Translation : with Additional Translations by Other
Scholars and an Appendix on\
Linear B sources by Thomas G. Palaima
Classical Mythology
Hesiod's Theogony
Greek Tragedies
Electra and Other
Plays
Eichmann in Jerusalem: A Report on
the Banality of Evil
The Making of the
Atomic Bomb
Michael Frayn's Copenhagen in Debate: Historical Essays and Documents on
the 1941 Meeting Between Niels Bohr and Werner Heisenberg
Arcadia: A
Play
Family
The Autobiography of Benjamin
Franklin
Incidents in the Life of
a Slave Girl
The Landmark
Thucydides
Travels with
Herodotus
A History of Histories: Epics
The Landmark Thucydides: A Comprehensive Guide
to the Peloponnesian War
Gulliver's Travels
Selected Works
The Campaigns of
Alexander
The 48 Laws
of Power
Sun Tzu: The Art of War
for Managers; 50 Strategic Rules
The Book of
Five Rings
The Art
of Seduction
Dore's Illustrations for Paradise
Lost
Dore's Illustrations of the
Crusades
Dore's Angels
The Dore Gallery: His
120 Greatest Illustrations
Dore's Dragons
Milton's Paradise
Lost
The Aeneid
The Divine Comedy:
Purgatorio
Vita Nuova
The Greek Myths:
Complete Edition
This Country
of Ours
Poor Richard
D'Aulaires' Book of
Trolls
The Children of Odin: The
Book of Northern Myths
D'Aulaires' Book of
Animals Leif the
Lucky
Classics to Read Aloud to Your Children: Selections from Shakespeare
Aesop's Fables: A Classic
Illustrated Edition
Archimedes and the Door
of Science
The Children's Homer: The Adventures of
Odysseus and the Tale of Troy
The Golden
Goblet
In Search of a Homeland: The
Story of the Aeneid
The Odyssey
DK Readers: Trojan
Horse
Aesop's Fables
Stories from Around the
World
Grammar for Middle School: A
Sentence-Composing Approach--A Student Worktext
Sentence Composing for Middle School: A
Worktext on Sentence Variety and Maturity
Mechanically Inclined: Building Grammar
Nothing to Be
Frightened Of
Home: A
Novel
5 Steps to a 5: AP
English Literature
CliffsAP English Language and
Composition
AP English Literature &
Composition
Sentence Composing for College: A Worktext
on Sentence Variety and Maturity
Plot &
Structure:
The Elements of
Style
The First Five Pages: A Writer's Guide to
Staying Out of the Rejection Pile
Four Texts on Socrates: Plato's Euthyphro
On War
The Elements of
Moral Philosophy
Aristotle: Nicomachean
Ethics
Utilitarianism
The Road to Serfdom: Text and
Documents--The Definitive Edition
Why Government Is the
Problem
Capitalism
The Return of Depression Economics and
the Crisis of 2008
Economics in One Lesson: The Shortest and
Surest Way to Understand Basic Economics
Four Plays: Medea
An Introduction to
Hinduism
What the Buddha Taught: Revised and Expanded Edition
with Texts from Suttas and Dhammapada
The World's Religions: Our
Great Wisdom Traditions
Descartes: Meditations on First Philosophy: With Selections
from the Objections and Replies
Prolegomena to Any Future Metaphysics That Will Be Able to Come Forward As Science
With Kant's Letter to Marcus Herz
Memories
The Interpretation
of Dreams
Faces in a Cloud:
Intersubjectivity in Personality Theory
Fantasies of
Flight
Sumerian Mythology: A Study of Spiritual and Literary
Achievement in the Third Millennium B.C.Gods
Ancient Iraq: Third
Edition
Stories from
Ancient Canaan
Ironies of Faith: The Laughter at
the Heart of Christian Literature
Anselm of Canterbury: The
Major Works
Gregory of Nyssa: The
Life of Moses
Origen: An Exortation to Martyrdom
Maximus Confessor: Selected
Writings
Bernard of Clairvaux: Selected
Works
Augustine of Hippo: A
Biography
Confessions
The Roman History: The
Reign of Augustus
Four Plays by Aristophanes: The Birds;
The Clouds; The Frogs; Lysistrata
The Homeric
Hymns
Americana
Victoriana
Transylvania
The pia C elholand
Cliffsnotistan
Oprahlan
elfh lpist nia
KFC
Russiana
Graecoromania
Mythium
S akespearea
Fringistan
Feministan
Fig. 5. A map of books related to “1984”
examine several of the “countries” in the map in more detail. More countries are examined
in the Appendix, where we also show several close-ups from the map.
Americana: Somewhat surprisingly, George Orwell’s 1984 along with Animal Farm ended
up in the west corner of a region populated mostly by American writers. Britain is also
represented by William Golding’s The Lord of the Flies and Aldous Huxley’s Brave New
World along with Anthony Burgess’s Clockwork Orange, which connect the British corner of
the region to the main part dominated by 20th century American classics. Ray Bradbury’s
Fahrenheit 451 and Salinger’s Catcher in the Rye provide a transition to a variety of well-
known novels: Steinbeck’s Grapes of Wrath and Of Mice and Men, Ernest Hemingway’s For
Whom the Bell Tolls and The Old Man and the Sea, F. Scot Fitzgerald’s Great Gatsby,
Harper Lee’s To Kill a Mockingbird and Ralph Ellison’s Invisible Man, Joseph Heller’s Catch
22, Kurt Vonnegut’s Slaughterhouse Five, Ken Kesey’s One Flew Over a Cuckoo’s Nest. Some
19th century novels can also be found here: Nathaniel Hawthorne’s Scarlet Letter and Mark
Twain’s Adventures of Huckleberry Finn.
Victoriana: To the southwest of Americana is a region dominated by Dickens, Austen
and Bronte novels. Starting with A Tale of Two Cities, Great Expectations and Oliver Twist
in the north and going through Jane Eyre, Pride and Prejudice, Sense and Sensibility and
Wuthering Heights in the middle, the region ends with more Dickens’ books in the southwest
(The Pickwick Papers) and George Elliot novels in the southeast (Middlemarch).
Russiana: To the north of Americana lies one of the largest countries in BookLand, dom-
inated by Russian literature and history. The core contains classic novels by Dostoyevsky
(Crime and Punishment, The Brothers Karamazov), Tolstoy (War and Peace, Anna Karen-
ina), and Solzhenitsyn (The Gulag Archipelago, Cancer Ward). In the northern part of the
region is a collection of books about Russia and Russian history: Stalin: The Court of the
Red Tsar, Khrushchev: The Man and His Era and Potemkin: Catherine the Great’s Imperial
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Partner. In the west there is a cluster of Albert Camus books (The Stranger, The Plague,
The Fall), all well connected with the Russian classics.
Graecoromania: Another large region to the west of Americana contains a diverse collec-
tion of Graeco-Roman books. History books by Thucydides, Plutarch, Livy, Suetonius, Salust
share the region with philosophy by St. Augustine, Plato, Socrates, and Aristotle. Greek
theater is represented by Aristophanes, Aeschylus, Euripides, Sophocles and epic poetry by
Homer and Virgil.
Mythium: Close to Graecoromania, on the southwest coast, lies the the legendary land
of Mythium. Aesop’s Fables, Greek Myths for Young Children and The Gods and Goddesses
of Olympus are next door to D’Aulaires’ Book of Trolls, D’Aulaires’ Book of Animals and
D’Aulaires’ Book of Norse Myths.
Shakespearea: Very centrally located, neighboring Victoriana, Americana, Russiana,
Graecoromania, and Mythium lies the land of Shakespeare. It is not surprising that nearly
all tragedies, comedies and histories are present but it is interesting to observe what non-
Shakespeare books are in this region: Chaucer’s Canterbury Tales, Tennyson’s Idyls of the
King, Dante’s Divine Comedy, One Thousand and One Arabian Nights, Beowulf and The
Adventures of Robin Hood.
5 The Map Coloring Algorithm
In this section we consider the problem of assigning good colors to the countries in our maps.
The Four Color Theorem states that only four colors are needed to color any map so that no
neighboring countries share the same color. It is implicitly assumed that each country forms
a contiguous region. However, this result is of limited use to us because countries in our maps
are often not contiguous. For instance, a group of North American researchers are placed in
a cluster made from three disjoint regions in light orange color in the southwest corner of the
main continent; see Fig. 3. In cases where one cluster is represented by several disjoint regions
we must use the same color for all regions to avoid ambiguity. Thus, four colors (or even five
or six) are not enough.
In GMap we start with a coloring scheme from ColorBrewer [5], which typically has 5 easy
to differentiate base colors, and generate as many as the number of countries by blending the
base colors. As a result our color space is linear and discrete. Because of the blending, any
two consecutive colors in the linear array of colors are similar to each other. When applying
these colors to the map, we want to avoid coloring neighboring countries with such pairs of
colors. With this in mind, we define the country graph, Gc = {Vc, Ec}, to be the undirected
graph where countries are vertices, and two countries are connected by an edge if they share
a non-trivial boundary. We then consider the problem of assigning colors to nodes of Gc so
that the color distance between nodes that share an edge is maximized.
More formally, let C be the color space, i.e., a set of colors; let c : Vc → C be a function that
assigns a color to every vertex; and let wij ≥ 0 be weights associated with edges {i, j} ∈ Ec.
Let d : C × C → R be a color distance function. Define the vector of color distances along
edges to be
v(c) = {wi,j d(c(i), c(j)) | {i, j} ∈ Ec}.
Then we are looking for a color function that maximizes this vector with respect to some cost
function. Two natural cost functions are:
max
c∈C
{
∑
{i,j}∈Ec
wi,j d(c(i), c(j))2} (2-norm), or max
c∈C
{ min
{i,j}∈Ec
wi,j d(c(i), c(j))} (MaxMin)
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Dillencourt et al. [8] investigated the case where all colors in the color spectrum are
available. They proposed a force directed model aimed at selecting |Vc| colors as far apart
as possible in the color space. However in our map coloring problem, for aesthetic reasons,
we are limited to “map-like” colors, and our color space is discrete. Therefore we model our
coloring problem as one of vertex labeling, where our color space is C = {1, 2, . . . , |Vc|}, and
the color function we are looking for is a permutation that maximizes the labeling differences
along the edges. The cost functions we consider are
max
∑
{i,j}∈Ec
wi,j(ci − cj)2, c is a permutation of {1, 2, . . . , |Vc|} (2-norm) (1)
and
max min
{i,j}∈Ec
wi,j |ci − cj |, c is a permutation of {1, 2, . . . , |Vc|} (MaxMin)
where ci is the i-th element of the vector c.
The complementary problem of finding a permutation that minimizes the labeling differ-
ences along the edges is well-studied. For example, in the context of minimum bandwidth or
wavefront reduction ordering for sparse matrices, it is known that the problem is NP-hard,
and a number of heuristics [14,18],were proposed. One such heuristic is to order vertices using
the Fiedler vector. Motivated by this approach, we approximate (1) by
max
∑
{i,j}∈Ec
wi,j(ci − cj)2, subject to
∑
k∈Vc
ck = 1 (2)
where c ∈ R|Vc|. This continuous problem is solved when c is the eigenvector corresponding to
the largest eigenvalue of the weighted Laplacian of the country graph, while the Fiedler vector
(the eigenvector corresponding to the second smallest eigenvalue) minimizes the objective
function above. Once (2) is solved, we use the ordering of the eigenvector as an approximate
solution for (1). We call this algorithm SPECTRAL.
Fig. 6. Coloring schemes RANDOM, SPECTRAL, and SPECTRAL+GREEDY. Each node is colored by
the color index shown as the node label. Edge labels are the absolute difference of the endpoint labels.
Fig. 6 illustrates three coloring schemes on a 4-4 unweighted grid graph given 16 colors in
the Blue-Yellow spectrum. A random assignment of colors, RANDOM, does reasonably well,
but has one edge with a color difference of 2. SPECTRAL performs better, with the minimum
color difference of 4. However there are still 2 edges with a color difference of only 4. It is easy
to see that SPECTRAL can be improved (e.g., swapping colors 6 and 2 would improve the
measurements according to both cost functions). With this in mind we developed GREEDY, a
greedy refinement algorithm based on repeatedly swapping pairs of vertices, provided that the
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swap improves the coloring scheme according to one of the two cost functions. Starting from
a coloring scheme obtained by SPECTRAL and applying GREEDY often leads to significant
improvements.
The GREEDY algorithm has a high computational complexity as we consider all possible
O(|Vc|2) pairs of vertices for potential swapping. Since recomputing the cost functions can be
done in time proportional to the sum of degrees of the pair on nodes considered for swapping,
the overall complexity of GREEDY is O(|Vc|2 + |Ec|2). Because the country graph GC is
typically much smaller than the underlying graph G, GREEDY is still quite fast and all maps
in this paper were colored using SPECTRAL+GREEDY.
6 Conclusion and Future Work
In this paper we described GMap, an efficient algorithm for drawing graphs as geographic
maps. Using a number of structurally different graphs and graphs of different sizes, we il-
lustrated the aesthetic appeal of the map metaphor for displaying underlying structures and
clustering information. While the approach of visualizing relational information with the aid of
geographical maps is general, here we showed one particular implementation where a scalable
force-directed layout algorithm was coupled with a modularity-based clustering algorithm.
Exploring different combinations of layout and clustering algorithms is one clear direction for
future work.
While our algorithm is efficient and can handle large graphs, the resulting maps look best
on large wall-sized posters and display walls. To make such maps more useful for interactive
exploration of large underlying data sets we plan to incorporate topological clustering which
would allow us to show the map in varying level of detail. We can leverage previous work
on large graph visualization such as topological fisheye views [11] and the related compound
fisheye views [3].
We plan to explore the map coloring problem further through the use of weighted graphs
to promote color differences not only between neighboring countries, but also non-neighboring
countries that are geographically close. In addition, the algorithm in [8] may be adapted for
this problem by using a 1D color space; at the same time it would be interesting to use
the spectral algorithm with three largest eigenvectors as an approximate solution for the
continuous color assignment problem in 3D as studied in [8].
There are practical and theoretical obstacles to obtaining “perfect” maps, that is, maps
that do not omit or distort the underlying information. However, a similar drawback plagues
any 2-dimensional representation of data that is not 2-dimensional, including the standard
geographical maps of Earth. Clearly, in dense graphs it is impossible to realize all graph ad-
jacencies as neighboring countries. For example, with 8 countries we can have at most 18
pairwise neighbors (from Euler’s formula for planar graphs), possibly forming some unavoid-
able “false negative associations”. It is easier to deal with “false positive associations”. Such
an association between two countries can be formed if they are physically adjacent in the
map but there is no strong relationship between the objects in the two countries One way to
alleviate such a problem is to add “rivers” or “fords” along such borders near the coasts and
“mountain ranges” inland, to convey that the two sides are close but not strongly connected.
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7 Appendix
In this section we provide more maps obtained with our algorithm, as well as close-up images
from some of the earlier maps.
7.1 BookLand cont.
Figures 7-8 show close-ups of some of the large countries of Americana, Victoriana, Russiana,
Graecoromania, Mythium, and Shakespearea discussed earlier. Fig. 9 shows close-ups of some
of the other interesting countries in BookLand, some of which we consider in more detail
below.
Transylvania: As with all books in this map, there is a fairly short path from 1984 to
Twilight, the teenage favorite vampire series by Stephenie Meyers. In this case, the path goes
through Victoriana via Pride and Prejudice and Wuthering Heights. The other main cluster in
this region is made of novels in the House of Night series by Cast and Cast (Hunted, Betrayed,
Marked, Chosen, etc).
Fig. 7. Close-up images of various countries in BookLand’
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Fig. 8. Close-up images of various countries in BookLand’
Thespia: In the south, adjacent to Transylvania but mainly connected to Americana,
sits a region nearly exclusively containing American Plays, from 20th century mainstays such
as Tennessee Williams’ Streetcar Named Desire and Arthur Miller’s Death of a Salesman,
through the more modern plays by David Mammet like American Buffalo and Glengarry
Glen Ross, to the 2008 Broadway hit August: Osage County.
Coelholand: The very popular Brazilian writer Paulo Coelho occupies another southern
region with his bestsellers The Alchemist, Brida, etc.
Cliffsnotistan: The southeast coast of BookLand contains a collection of books about
writing. Classics like Strunk’s Elements of Style and Zinnser’s On Writing Well share the
region with books such as Sentence Composing for High School: A Worktext on Sentence
Variety and Maturity. Several Cliff’s Notes books such as 5 Steps to a 5 on the AP and Cliff’s
AP English Language and Composition, give this region its name.
Oprahland: A large cluster of mainly 21st century popular literature contains several
“club selections” of Oprah’s Book Club: She’s Come Undone, Drowning Ruth, Black and
Blue. Recent bestsellers in this region include The Brief Wondrous Life of Oscar Wao, White
Tiger, The Guernsey Literary and Potato Peel Pie Society. Connection with Americana is
through the Salman Rushdie’s Satanic Verses and Arundhati Roy’s The God of Small Things.
Selfhelpistania: An odd region, nearly contained in Oprahland, has a focus on self-help
with books like Choose to Be Happy and The Self-Esteem Companion: Simple Exercises to
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Fig. 9. Close-up images of various countries in BookLand’
Help You Challenge Your Inner Critic and Celebrate Your Personal Strengths. A related
cluster of Elizabeth Gilbert books is in the same region: Pilgrims, Last American Man and
Stern Men.
KFC: The Ken Follett Club, located to the northwest of Selfhelpistania contains some of
Follett’s British thrillers, Eye of the Needle, The Man from St. Petersburg and some of his
historical fiction, The Pillars of the Earth, Night Over Water and A Place Called Freedom.
Fringistan: This region in the north is represented by arguably fringe work such as Men in
Black: How the Supreme Court is Destroying America, The Case Against Barack Obama: The
Unlikely Rise and Unexamined Agenda of the Media’s Favorite Candidate and Bill O’Reilly’s A
Bold Fresh Piece of Humanity. Not surprisingly, the connection to the main-stream literature
is through Ayn Rand’s Atlas Shrugged.
Feministan: Next to Fringistan is similarly controversial cluster of books: from Naomi
Wolf’s The Beauty Myth through Ariel Levy’s Female Chauvinist Pig: Women and the Rise
of Raunch Culture to Jessica Valenti’s Full Frontal Feminism: A Young Woman’s Guide to
Why Feminism Matters.
7.2 PotterLand
As further examples, Fig. 10 shows the continent of PotterLand, a map related to “Harry
Potter and the Sorcerer’s Stone”. It is notable that here the clustering structure matches
15
Harry Potter and the
Sorcerer's Stone
Harry Potter and the
Prisoner of Azkaban
Harry Potter and the
Goblet of Fire
Harry Potter and the Order
of the Phoenix
Harry Potter and the
Half-Blood Prince
Harry Potter Schoolbooks: Fantastic Beasts and Where to
Find Them  Quidditch Through the Ages
Harry Potter and the
Chamber of Secrets
The Tales of Beedle
the Bard
The Tales of Beedle the
Bard
Harry
Harry Potter Boxset
Books 1-7
The Sorcerer's Companion: A Guide to
the Magical World of Harry Potter
Inkdeath
The Magician: The Secrets of
the Immortal Nicholas Flamel
The Alchemyst: The Secrets of
the Immortal Nicholas Flamel
The Deathly Hallows Lectures: The Hogwarts Professor
Explains the Final Harry Potter Adventure
The Book of Harry Potter
Trifles
Harry Potter Years 1-5
Limited Edition Gift Set
Fact
The Hidden Myths in Harry Potter:
Spellbinding Map and Book of Secrets
The Magical Worlds of
Harry Potter
Unlocking Harry Potter: Five Keys
for the Serious Reader
Inkheart
Brisingr
The Time
Paradox
The Last
Olympian
The Battle of the
Labyrinth
The Sorceress
The Mysterious
Benedict Society
How Harry Cast His Spell: The Meaning Behind
the Mania for J. K. Rowling's Bestselling Books
20Q Harry
Potter
Field Guide to
Harry Potter
Muggles and Magic: An Unofficial Guide to J.k.
Rowling and the Harry Potter Phenomenon
Looking for God in
Harry Potter
Inkspell
The Thief
Lord
Dragon Rider
Diary of a Wimpy
Kid: The Last Straw
Eldest
Eragon
The Lost
Colony
Artemis Fowl: The
Opal Deception
Queste
The Demigod
Files
Percy Jackson and the Olympians
Paperback Boxed Set
The Titan's
Curse
The Sea of
Monsters
The Lightning
Thief
Fablehaven: Secrets of the
Dragon Sanctuary
The Mysterious Benedict Society
and the Perilous Journey
The Invention of
Hugo Cabret
Diary of a
Wimpy Kid
The 39
Clues
The Seeker's Guide to
Harry Potter
The Complete Idiot's Guide to the
World of Harry Potter
The Gospel According to Harry Potter: Spirituality in
the Stories of the World's Most Famous Seeker
The Wisdom of Harry Potter: What Our Favorite
Hero Teaches Us About Moral Choices
What's a Christian to
Do with Harry Potter?
Igraine the
Brave
Diary of a Wimpy
Kid Do-It-Yourself Book
Diary of a Wimpy
Kid: Rodrick Rules
Lawn Boy
The Eternity
Code
The Arctic
Incident
Artemis Fowl
Artemis Fowl: Lost
Colony
Physik
Septimus Heap
Demigods and Monsters: Your Favorite Authors on Rick
Riordan's Percy Jackson and the Olympians Series
The 39 Clues: The
Sword Thief
Fablehaven: Grip of the
Shadow Plague
Rise of the Evening
Star
Fablehaven
Grip of the Shadow
Plague
The Penderwicks on
Gardam Street
The Willoughbys
Good Masters! Sweet Ladies! Voices
from a Medieval Village
The Wednesday
Wars
39 Clues: One
False Note
The 39 Clues: Card
Pack
The Gospel According to Harry Potter:
Leader's Guide for Group Study
The Gospel According to the Simpsons
God
Harry Potter and Philosophy:
If Aristotle Ran Hogwarts
The Psychology of Harry Potter: An Unauthorized Examination
of the Boy Who Lived
Harry Potter and the Bible :
The Menace Behind the Magick
A Charmed Life: The
Spirituality of Potterworld
Emmy and the Incredible
Shrinking Rat
The Lemonade
War
Stink and the World's
Worst Super-Stinky Sneakers
No Talking
Artemis Fowl Book
1
Artemis Fowl
Files
Magyk
Septimus Heap Box Set:
Books 1 and 2
Flyte
The 39 Clues: Beyond
the Grave
The Candy
Shop War
The Penderwicks: A Summer Tale of Four Sisters
The Graveyard
Book
The Underneath
Elijah Of
Buxton
Feathers
The Wall: Growing Up Behind
the Iron Curtain
The Absolutely True Diary
of a Part-Time Indian
The 39 Clues: The Card Pack
2: Branch vs. BranchThe Gospel according to The Simpsons:
Leader's Guide for Group Study
The Simpsons and Philosophy: The
D'oh! of Homer
The Psychology of The
Simpsons: D'oh!
Religions of the
World
What's Science Ever Done For Us: What the Simpsons Can
Teach Us About Physics
The World According to The Simpsons: What Our Favorite TV Family Says
about Life
Star Wars and
Philosophy
Mapping the World of
the Sorcerer's Apprentice
Brendan Buckley's Universe and
Everything in It
A Crooked Kind
of Perfect
The Fabled Fourth Graders
of Aesop Elementary School
Punished
The Puzzling World of
Winston Breen
Night of the
Howling Dogs
The Year of
the Dog
Stink
Stink and the Great
Guinea Pig Express
The Homework
Machine
Frindle
Artemis Fowl: The
Graphic Novel
The 39
Clues ð5
Leven Thumps and the Eyes
of the Want
The Tale of Despereaux: Being the Story of a Mouse
The Miraculous Journey of
Edward Tulane
From the Mixed-Up Files of
Mrs. Basil E. Frankweiler
Coraline
The House in
the Night
Nation
Neverwhere: A
Novel
Savvy
How I
Learned Geography
Chains
Henry's Freedom
Box
First the
Egg
American Born
Chinese
The Lone Ranger and
Tonto Fistfight in Heaven
The Arrival
The Book
Thief
The Gospel According to
Dr. Seuss
Seinfeld and Philosophy: A Book
about Everything and Nothing
The Matrix and Philosophy: Welcome to
the Desert of the Real
Planet Simpson: How a Cartoon
Masterpiece Defined a Generation
History of the World's
Religions
Comparative Religions
Publication Manual of the
American Psychological Association
Classics of
Western Philosophy
Life's Ultimate
Questions
Insultingly Stupid Movie Physics: Hollywood's Best Mistakes
The Simpsons
Movie
The Simpsons Handbook: Secret Tips
from the Pros
Leaving Springfield: The Simpsons and the
Possibility of Oppositional Culture
The Dharma of
Star Wars
Superheroes and Philosophy: Truth Batman and Philosophy: The Dark Knight
of the Soul
The Tao of
Star Wars
Who Killed Albus Dumbledore?: What Really Happened in Harry Potter and the
Half-Blood Prince? Six Expert Harry Potter Detectives\
Examine the Evidence.
The Middle
of Somewhere
Stink and the Incredible
Super-Galactic Jawbreaker
Judy Moody & Stink:
The Holly Joliday
Stink: The Super-Incredible Collection:
Books 1-3
Roxie and
the Hooligans
Rules
Clementine
Lunch Money
The Landry
News
The Report
Card
Airman
Redwall: The
Graphic Novel
The 39
Clues ð6
Leven Thumps and the
Wrath of Ezra
Leven Thumps and the
Gateway to Foo
Professor Winsnicker's Book of Proper Etiquette
for Well-mannered Sycophants
Because of
Winn-Dixie
The Tiger
Rising
Great Joy
The Phantom
TollboothHarriet the
Spy
A Wrinkle
in Time
The Cricket in Times
Square
Number the
StarsStardust
American Gods:
A Novel
Good Omens: The Nice and Accurate
Prophecies of Agnes Nutter
Anansi Boys
A Couple of Boys Have
the Best Week Ever
A River of Words: The Story
of William Carlos Williams
Hogfather
Making Money
The Hunger
Games
Wintersmith
After Tupac and D
Foster
What I Saw And
How I Lied
Wintergirls
Moses: When Harriet Tubman Led Her
People to Freedom
Not a Box Flotsam
A Visitor
for Bear
The Red
Book
Knuffle Bunny Too: A
Case of Mistaken Identity
Persepolis: The Story of
a Childhood
Fun Home: A
Family Tragicomic
Monster
Speak
Ceremony:
Reservation Blues
Smoke Signals
The Toughest Indian in
the World
The Lost
Thing
The Guernsey Literary and Potato
Peel Pie Society
Loving Frank:
A Novel
The Boy In the
Striped Pajamas
I Am
the Messenger
People of the Book:
A Novel
The Gospel According to
Peanuts
The Gospel According to Disney: Faith
Seuss-isms: Wise and Witty Prescriptions for
Living from the Good Doctor
Short Meditations on the
Bible and Peanuts
The Parables of
Dr. Seuss
How Well Do You Know Jerry. . .
and His Friends?: A Trivia Book
Seinlanguage
Seinology: The Sociology
of Seinfeld
Jerry Seinfeld Live on Broadway: I'm
Telling You for the Last Time
Like a Splinter in Your Mind:
The Philosophy Behind the Matrix Trilogy
The Lord of the Rings and Philosophy: One
Book to Rule Them All
Philosophers Explore
The Matrix
Introducing Religion: From Inside
and Outside
Women and World
Religions
History of Asia
The World's Wisdom: Sacred Texts
of the World's Religions
DSST Introduction to World
Religions
Philosophy
English Grammar and
Punctuation
Weights and
Measures
Essays and Term
Papers
Literary Terms
Mastering APA Style: Student's Workbook and
Training Guide Fifth Edition
Diagnostic and Statistical Manual of Mental
Disorders DSM-IV-TR Fourth Edition
Physical Examination & Health
Assessment
Research Design: Qualitative
Educational Research: Competencies for
Analysis and Applications
Looking Out
Readings in Classical
Chinese Philosophy
Understanding the
Arizona Constitution
Faith and
Reason
The Universe Next Door:
A Basic Worldview Catalog
Hollywood Science: Movies
The Worst Call Ever!: The Most Infamous Calls Ever
Blown by Referees
The Physics
of Superheroes
The Physics of
Star Trek
The Simpsons - The
Complete Tenth Season
The Simpsons - The
Complete Eleventh Season
The Art
of Ratatouille
Finding God in a Galaxy Far
Star Wars Jesus - A spiritual commentary
on the reality of the Force
The Journey of Luke Skywalker: An
Analysis of Modern Myth and Symbol
Super Heroes: A Modern
Mythology
Comic Book Nation: The Transformation of
Youth Culture in America
Monty Python and Philosophy: Nudge
Nudge
Superman on the Couch: What Superheroes Really Tell
Us About Ourselves and Our Society
The Psychology of Superheroes:
An Unauthorized Exploration
Wisdom from the Batcave: How to
Live a Super
Batman: The
Killing Joke
The Essential
Batman Encyclopedia
Watchmen
The Gospel according to Star Wars:
Faith
Star Wars: The
New Myth
Mugglenet.Com's What Will Happen in Harry Potter 7: Who Lives
Harry Potter and the
Deathly Hallows
Judy Moody: Around the World in
8 12 Days
Judy Moody Goes to
College
Judy Moody's Double-Rare Way-Not-Boring Book of
Fun Stuff to Do
Phineas L. MacGuire . . .
Erupts!: The First Experiment The Ghost's
Grave
Dexter the
Tough
Penny from
Heaven
Clementine's Letter
Talented Clementine
The Janitor's
Boy
A Week in
the Woods
The School
Story
Supernaturalist
Treasure Island: The Graphic
Novel
Doomwyte: A Novel
of Redwall
Call of the
Wild
Point Blank: The Graphic
Novel
The 39 Clues:
Book 7
Pillage
Leven Thumps and the
Whispered Secret
Holes
Angela and the Baby
Jesus:
Louise
Island of the
Blue Dolphins
The Last of the Really Great
Whangdoodles 30th Anniversary Edition
The Long
Secret
A Wind in
the Door
A Swiftly
Tilting Planet
Mr. Popper's
Penguins
The Mouse and
the Motorcycle
The Giver
Maniac Magee
Hatchet
The Little
Yellow Leaf
The Wee Free
Men
Going Postal
The Wit and Wisdom
of Discworld
Graceling
The Host:
A Novel
Catching Fire
The Twilight Saga: The
Official Guide
A Hat Full of Sky: The Continuing Adventures
of Tiffany Aching and the Wee Free Men
The Amazing Maurice and
His Educated Rodents
The Surrender Tree: Poems of
Cuba's Struggle for Freedom
Disreputable History of Frankie
Landau-Banks
Jellicoe Road
Max
Gone Wild
Rosa
The Higher Power
of Lucky
Not a
Stick
What Do You Do with a
Tail Like This?
Tuesday
Sector 7
Big Words for
Little People
Dirt on
My Shirt
Ten Little Fingers and
Ten Little Toes
Smash! Crash!
Zen Shorts
Kitten's First
Full Moon
Knuffle Bunny: A Cautionary
Tale
The Pigeon Wants
a Puppy
There Is a Bird
On Your Head!Don't Let the Pigeon
Drive the Bus!
Persepolis 2: The Story
of a Return
Maus I: A Survivor's Tale:
My Father Bleeds History
The Complete Maus: A
Survivor's Tale
Understanding Comics: The
Invisible Art
Blankets
Jimmy Corrigan: The Smartest
Kid on Earth
The Chocolate
War
The First
Part Last
Cut
The Perks of Being
a Wallflower
Thirteen Reasons
Why
Tracks
House Made
of Dawn
Beloved
Fools Crow
The Woman Warrior: Memoirs of
a Girlhood Among Ghosts
Flight: A
Novel
Indian Killer
Ten Little
Indians
The Rabbits
The Red
TreeThe Viewer
Tales From
Outer Suburbia
The Story of Edgar
Sawtelle: A Novel
The Girl with the
Dragon Tattoo
The Help
Dewey: The Small-Town Library Cat
Who Touched the World
The White Tiger: A
Novel
Out Stealing Horses:
A Novel
The Boy in the
Striped Pajamas
Yellow Star
The Reader
Getting The
Girl
Year of
Wonders
The Zookeeper's Wife: A
War Story
Peanuts Guide
To Life
From Mouse to Mermaid: The Politics
of Film
The Mouse that Roared: Disney and
the End of Innocence
Seuss-isms for
Success
You're Only Old Once! A
Book for Obsolete Children
Oh
Did I Ever Tell You How
Lucky You Are?
Happy Birthday to
You!
The Parables
of PeanutsThe Shack
Mattel Scene it? Seinfeld
DVD Game
The Dark
Knight
Comedian
Scene It?
Seinfeld
Seinfeld -
Season 9
Seinfeld
Simpsonology: There's a Little Bit of
Springfield in All of Us
Philosophy for
Dummies
Love Your God with All Your Mind: The Role
of Reason in the Life of the Soul
More Matrix and Philosophy: Revolutions
and Reloaded Decoded
The Chronicles of Narnia and Philosophy: The Lion
Introduction to Philosophy: Classical
and Contemporary Readings
The Ultimate Matrix
Collection
God the Evidence : The Reconciliation of Faith
and Reason in a Postsecular World
Paths of
Faith
The Dark Is
Rising
Zen in the Art
of Archery
The World's Religions: Our
Great Wisdom Traditions
Exploring Religion
The Concise Oxford Dictionary
of World Religions
Experiencing the
World's Religions
Still Life
With Rice
The 47
Ronin Story
Train to
Pakistan
Classics of
Eastern Thought
The Illustrated World's Religions: A Guide
to Our Wisdom Traditions
Living Religions
World Religions: The Great
Faiths Explored & Explained
The Ten Challenges: Spiritual Lessons from the Ten Commandments for
Creating Meaning
DSST Here's to Your
Health
DSST Drug and Alcohol
Abuse
DSST The Official Test
Preparation Guide
DSST Principles of Public
Speaking
Logic
Psychology
English Composition and
Style
APA: The
Easy Way!
Math Review
Algebraic Equations
Periodic Table
Apamla Guidelines
Futuring: The Exploration of
the Future
The Elements of Style
The Extreme Future: The Top Trends That Will
Reshape the World in the Next 20 Years
DSM-IV Made Easy: The
Clinician's Guide to Diagnosis
Kaplan and Sadock's Synopsis of
Psychiatry: Behavioral SciencesClinical Psychiatry
Theory and Practice of
Group Psychotherapy
Interview Guide for Evaluating Dsm-IV Psychiatric
Disorders and the Mental Status Examination
Pocket Companion for Physical
Examination & Health Assessment
Davis's Drug Guide for Nurses
Nursing Diagnosis Handbook: An Evidence-Based
Guide to Planning Care
Taber's Cyclopedic Medical Dictionary
Qualitative Inquiry and Research Design:
Choosing Among Five Approaches
Doing a Literature Review: Releasing the
Social Science Research Imagination
Writing Your Dissertation in Fifteen Minutes a Day: A Guide
to Starting Qualitative Research &
Evaluation Methods
Bookmarks: A Guide to
Research and Writing
Action Research: A Guide for
the Teacher Researcher
Student Study Guide to Accompany Gay
Systematic Design of Instruction
Curriculum Today
Case Studies in Interpersonal Communication:
Processes and Problems
A Writer's
Reference
The Art of Public Speaking with
Learning Tools Suite
What the Buddha Taught: Revised and Expanded Edition
with Texts from Suttas and Dhammapada
Confucian Moral
Self Cultivation
The Bhagavad-Gita : Krishna's Counsel in
Time of War
The Cambridge Illustrated History
of China
A Source Book in
Chinese Philosophy
The Arizona Constitution
Study Guide
Historical Survey of the
Old Testament
New Testament
History
Educational Psychology: Developing
Learners
Philosophy of Religion: A
Guide and Anthology
How to Read the Bible
for All Its Worth
Grasping God's Word: A Hands-On Approach to
Reading
Spirit-Led Preaching: The Holy Spirit's Role
in Sermon Preparation and Delivery
Mere Christianity
The Reason for God: Belief in
an Age of Skepticism
Engaging God's World: A Christian Vision
of Faith
2000 Years of
Charismatic Christianity
Total Truth: Liberating Christianity
from Its Cultural Captivity
Don't Try This At Home!: The
Physics of Hollywood Movies
Fantastic Voyages: Learning Science
Through Science Fiction Films
The Science in Science Fiction: 83
SF Predictions that Became Scientific Reality
The World
Without Us
The Code: Baseball's Unwritten Rules and
Its Ignore-at-Your-Own-Risk Code of Conduct
Church Signs
Across America
Ten Moments That Shook the Sports World: One Sportswriter's Eyewitness Accounts of
the Most Incredible Sporting Events of the Past\
Fifty Years
Extreme Golf: The World's Most Unusual
The Science
of Supervillains
The Cartoon Guide
to Physics
The Science of Star Wars: An Astrophysicist's Independent Examination of Space Travel
Physics of the Impossible: A Scientific Exploration into the World
of Phasers
The Star
Trek Encyclopedia
The Ethics of
Star Trek
Star Trek Star Charts: The Complete
Atlas of Star Trek
The Art
of WALL.E
The Art of Kung
Fu Panda
The Art
of Cars
The Art of
Finding Nemo
Surfs Up: The Art and Making
of a True Story
Christian Wisdom of the
Jedi Masters
Star Wars: The Magic
of Myth
Star Wars - The
Power of Myth
The Hero with a
Thousand Faces
Batman: The Dark
Knight Returns
Our Gods Wear Spandex: The Secret
History of Comic Book Heroes
The Ten-Cent Plague: The Great Comic-Book
Scare and How It Changed America
Aristotle and an Aardvark
Go to Washington Poker and Philosophy: Pocket Rockets and
Philosopher Kings
Batman Unauthorized: Vigilantes
Becoming Batman: The Possibility
of a Superhero
The Batman Handbook: The
Ultimate Training Manual
The Forensic Files
of Batman
Batman: Year
One
Batman: Arkham
Asylum
The Joker
Batman Gotham
Knight
The DC Comics Encyclopedia
V for
Vendetta
The Gospel according to Science Fiction: From the
Twilight Zone to the Final Frontier
The End of
Harry Potter?
Harry Potter Paperback Box
Set
Bridge to
Terabithia
Stinkville
Whangdoodleland
Potte land
Riordiania
T enland Indiana
Kinderland
Psyc la d
TVLand
Batmanla dStarwarsland
Graphicland
Twee landW st Tweenland
Reliregion
North Reliregi n
Literary Reliregion
Fig. 10. A map of books related to “Harry Potter and the Sorcerer’s Stone”
the layout very well, with fewer fractured countries and mostly contiguous territories. It is
worth mentioning that the books and their connections in this map reflect American reading
preferences (as opposed to say European or World preferences). Even the title of the the first
Harry Potter book was “translated” from British English where it was Harry Potter and the
Philosopher’s Stone to American English Harry Potter and the Sorcerer’s Stone3 Once again,
we look at some of the countries around PotterLand.
Stinkville: In the west is a cluster of books for 4-6 year old kids. Megan McDonald’s books
dominate the region with Stink and the Great Guinea Pig Express, Stink and the Incredible
Super-Galactic Jawbreaker, Stink and the World’s Super-Stinky Sneakers and the Judy Moody
series by the same author. Andrew Clements’ kids books, Lunch Money, The Report Card
and Frindle, occupy the southern end of this region.
Whangdoodleland: Below Stinkville are books targeted at the 9-12 year old kids. Clas-
sics of the genre in this area include Katherine Paterson’s Bridge to Terabithia, Madeline
L’Engle’s A Wrinkle in Time, Norton Juster’s Phantom Tollbooth, E. L. Konigsburg’s From
the Mixed-Up Files of Mrs. Basil E. Frankweiler, Julie Andrews Edward’s The Last of the
Really Great Whangdoodles
PotterLand: The main cluster in this map is the one containing works by the British
writer, J. K. Rowling. In addition to the seven books in the Harry Potter saga, there are a
dozens of books about the Harry Potter books in the western part. To the east is the related
cluster of the six books in the Irish writer Eoin Colfer’s Artemis Fowl series: Artemis Fowl,
The Arctic Incident, Eternity Code, Opal Deception, Lost Colony, Time Paradox. Directly
south is the Septimus Heap series by the British writer Angie Sage: Flyte, Queste, Physik,
Magyk. Finally, in the south is German writer Cornelia Funke’s Inkworld Trilogy: Inkheart,
Inkspell, Inkdeath.
Riordiania: Several fantasy series form the cluster to the southeast of PotterLand. The
main books are Rick Riordan’s Percy Jackson and the Olympians series: The Lightning Thief,
The Sea of Monsters, The Titan’s Curse, as well as a number of 39 Clues books, another
3 While “philosopher’s stone” is an ancient concept sought after by alchemists and scientist alike, a
“sorcerer’s stone” is quite meaningless without the context.
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popular Riordan series. Other books in this cluster include Obert Skye’s Leven Thumps series
and Brandon Mull’s Fablehaven series.
Batmanland, Starwarsland, Startrekland, Graphicland: Directly south of Potter-
Land is a cluster of Batman-related books. To the southwest is a large cluster of Star Wars
books and books about Star Wars. Further south is a smaller but similar cluster of Star Trek
books. Nearby is a cluster of Saun Tan’s illustrated tales Tales From Outer Suburbia, The
Arrival, The Lost Thing, etc.
Tweenland and West Tweenland: There are a couple of diverse clusters with contem-
porary books aimed at pre-teenagers. Brian Selznik’s The Invention of Hugo Cabret, Trenton
Lee Stewart’s The Mysterious Benedict Society, and Cynthia Lord’s Rules anchor Tweenland.
Next door is West Tweenland with Neil Gayman’s Graveyard Book, Anansi Boys, Coraline
and books about vampires Twilight Saga, The Host, The Hunger Games.
Teenland: On the southern coast is a cluster of more mainstream books which appeal to
teenagers and Oprah’s Book Club. Typical examples are White Tiger, The Guernsey Literary
and Potato Peel Pie Society, People of the Book, The Story of Edgar Sawtelle, The Book
Thief.
Indiana: This is a cluster of books by Sherman Alexie, focusing on Native American
topics The Lone Ranger and Tonto Fistfight in Heaven, Indian Killer, The Absolutely True
Diary of a Part-Time Indian.
Kinderland: On the southeast coast is a collection of books targeted at the kindergarten
audience: Kitten’s First Full Moon, The Pigeon Wants a Puppy and the Knuffle Bunny series.
PsychLand: The west contains a large and diverse cluster of mostly psychological texts,
anchored by Publication Manual of the American Psychological Association.
Reliregion, North Reliregion, and Literary Reliregion: the southwest coast is pop-
ulated with books dealing with religion, from Christianity (The Ten Challenges: Spiritual
Lessons from the Ten Commandments for Creating Meaning) to Buddhism (What the Bud-
dha Taught: Revised and Explained Edition with Texts from Suttas and Dhammapada). In the
northwest is the smaller North Reliregion cluster with books about Christianity. Immediately
adjacent to PotterLand is the Literary Reliregion, dealing with religion in literature: Looking
for God in Harry Potter, Harry Potter and the Bible: The Menace Behind the Magic, What’s
a Christian to Do with Harry Potter. Next to it is a related cluster of several themed books
by Mark Pinsky: The Gospel According to the Simpsons, The Gospel According to Disney,
and similarly titled books by other authors, The Gospel According to Peanuts, The Gospel
According to Dr. Seuss, The Gospel According to Harry Potter.
TVland: Surrounded by religious-themed areas in the north lies a cluster of books about
the popular TV shows the Simpsons and Seinfeld.
7.3 GDLand
Fig. 11 shows a map centered at Graph Drawing: Algorithms for the Visualization of Graphs.
Here each vertex has a distance of 6 or less to that book. It is interesting to see how the
subject quickly goes outside Mathematics and Computer Science. For example, the orange
cluster in the far left contains books largely unrelated to Mathematics or Computer Science,
but connected to such books via books on Game Theory.
7.4 GD Collaboration 1994-2008
Fig. 3 presented a map based on GD author collaboration up to 2004. More recent data from
http://gdea.informatik.uni-koeln.de/, kindly provided to us by Michael Ju¨nger, gives
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Fig. 11. A map of books related to Graph Drawing: Algorithms for the Visualization of Graphs
author collaboration information extending to 2008. This graph has 670 vertices and 1517
edges with a largest component of 464 nodes and 1313 edges. A map of the eight largest
components in the graph is shown in Fig. 12.
Due to the different origins of the two data sets it is difficult to perfectly match authors
in the two graphs, and therefore provide a stable mental map. Nevertheless, when comparing
these two maps of the GD community, we can observe several interesting changes. The total
number of GD auhtors has grown from 508 in 2004 to 670 in 2008, or about 32%. The largest
connected component has grown from 54% of all the authors in 2004 to 68% of all the authors
in 2008. One of the large islands populated by Czech authors in 2004 has become part of the
mainland in 2008. Similarly, the large island populated by Japanese authors has also joined
the mainland, creating the peninsula on the east coast.
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Fig. 12. Author collaboration map for the GD conference, 1994-2008.
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